The North Atlantic Oscillation (NAO) has been long studied as the primary teleconnection affecting the British and European climate. However, previous studies have focused on extremes or have been spatially and temporally limited. In recent years, our ability to predict the NAO has improved. Also, new research is emerging, suggesting that the NAO is a key driver of hydrological extremes. These factors mean that there is a renewed value in enhancing our understanding of how the NAO influences general rainfall patterns. In this study, we spatially analyse correlations between NAO indices and monthly rainfall data and the Standardised Precipitation Index. We also map mean monthly rainfall differences under NAO-positive and -negative conditions. Based on our results, we identify three main observations: (I) there is sensitivity in the rainfall patterns to the chosen NAO index; (II) there is a clear winter north/west and south/east divide in rainfall patterns; and (III) the NAO does have an effect on summer rainfall patterns, although the spatiality of these patterns is less distinctive than in winter. As far as we are aware, this is the first national scale, monthly NAO-rainfall analysis undertaken for a long period.
The NAO fluctuates between a positive and negative state; each state is known to produce characteristic climatic patterns over Great Britain and mainland Europe (Hall & Hanna ; Rust et al. ) . A positive NAO (which represents stronger than the usual difference in the SLP between Iceland and the Azores) is generally associated with stormy and wet winter conditions as winds from the west dominate bringing warmer air and storms across the North Atlantic region. A negative NAO represents the reverse with a weaker than usual difference in the SLP.
Winds from the east and north-east are more frequent, bringing with them cold air, while the adjusted position of the jet stream leads to weaker and less frequent storms. As a result, Europe is more likely to experience cold, calm and dry winters (Hurrell et al. ; Baker et al. ) . Many studies have associated fluctuations of the NAO to precipitation patterns in Great Britain specifically (Figure 1) .
The impact of the NAOI phase during winter and summer is known to differ significantly (Folland et Afzal et al. ). Studies have also tended to focus on extremes rather than more general wet/dry patterns (e.g. Figure 1 | Generalised NAO winter and summer rainfall patterns from previous studies (Wilby et al. 1997; Fowler & Kilsby 2002; Burt & Howden 2013; Kosanic et al. 2014; Simpson & Jones Simpson & Jones ) and have had a clear emphasis on the relationship between the NAO and winter climate (e.g. -Bru & McDermott ; Rust et al. ) . This seems an understandable focus as intense and more frequent rainfall is typically associated with low pressure systems coming from the tropicsthe movement of these systems being directly associated with the NAO phase (Wilby et al. ; Fowler & Kilsby ) . While relationships between winter rainfall and the NAO are now well defined, the influence of the NAO on regional summer climates is less clear (Folland et al. ) and is limited to some evidence, suggesting negative correlations between the NAOI and summer precipitation in all regions apart from north-west Scotland (Hall & Hanna ) . the potential for the NAOI to be used in hindcasting (Smith et al. ) , also means that there is now a renewed value in developing a more complete understanding of how the NAO influences the spatial distribution of seasonal rainfall across Great Britain. Being able to infer more detailed regional rainfall responses in relation to predicted teleconnection behaviour would be of significant value in helping inform strategic responses to weather extremes (Palin et al. ; Bell et al. ; Clark et al. ) .
Comas
In this study, we aim to examine the spatial distribution of rainfall (using both GEAR monthly rainfall estimates and the SPI) under positive and negative NAOI conditions. This represents the first monthly, nationally consistent spatial analysis undertaken for a long record 117 water years) addressing the full wet/dry continuum.
METHODS

Data
To represent the NAO condition, the NAOI was used. This study makes use of two commonly used NAOI calculation methods: the station-based method (NAOI ST ) which calcu- given period, and negative values representing drier than normal conditions. The SPI is normally distributed with a mean of 0 (i.e. near-normal conditions) and a standard deviation of 1. Theoretically, values can range from À5 (extremely dry) to þ5 (extremely wet), although approximately 95% of values occur within the range of À2 to þ2, and 68% within the range of À1 to þ1 (Tanguy et al. ).
Regional rainfall/SPI and NAOI correlations
The Met Office Climate Districts are commonly used in similar studies (e.g. Wilby et al. ; Simpson & Jones ) and, as they represent areas of relatively homogeneous climate, were the chosen spatial unit of analysis for the correlation of regional mean monthly total rainfall/SPI and the NAOI. Mean monthly rainfall (based on GEAR data) and SPI were calculated by spatially averaging all gridded values within each climate district. The mean monthly rainfall/SPI for the study period are then correlated with the NAOI calculated using both the ST and PC method for Great Britain. Exploratory analysis established normality and linear relationships, so a Pearson correlation was deemed appropriate. In our analysis, we defined seasons as winter (DJF), spring (MAM), summer (JJA) and autumn (SON).
Calculation of the deviation of mean monthly rainfall and mean SPI-1
The monthly NAOI was classified into a state of positive, negative or neutral NAO phase. In light of the known limitations of the NAOI ST method of calculation, especially in the summer months (see Discussion), only the NAOI PC method was used for further analysis. The NAO phase was defined as half the standard deviation plus/minus the longterm mean (after Berton et al. ). The NAO-positive phase was calculated to be NAOI >0.502 and -negative phase <À0.503. Months with a NAOI PC between these values represent an NAO neutral state. Each month in the GEAR and SPI-1 dataset was categorised using these values into being in either an NAO-positive, NAO-negative or NAO-neutral state (Figure 3 ). For each month, all datasets for a given phase were averaged on a cell-by-cell basis to produce a mean dataset for each month under each NAO condition. For the GEAR data, the NAO-positive/-negative mean monthly datasets were then subtracted from the NAO neutral dataset for that month. This produced a final dataset to show deviation in mean monthly rainfall in the given phase compared to when NAO is neutral.
The deviations in mean monthly rainfall and mean SPI-1 values were then spatially averaged using the Met Office Climate Districts. In order to examine how similar each region's response to the NAO was over the study period, the mean deviation from neutral NAO conditions/mean monthly SPI of each district was then correlated against values from the other districts. Regions which are positively correlated suggest areas where rainfall displays a similar NAO response and vice versa for negatively correlated regions. and NAOI PC with regional mean SPI-1. The two NAOI methods show similar patterns in the winter months (DJF), with strong positive correlations in the North. However, note that the significant differences observed between the two NAOIs in the summer months where stronger negative correlations are observed using NAOIPC. Tabular data for this analysis can be found in the online Supplemental Material (Tables S2 and S3 ). homogeneous in their rainfall response, and much of the country displaying a similar rainfall deviation to these regions. In the autumn months (SON), the patterns in rainfall deviation start to invert again becoming more similar to those described above in winter and the regional differences in the NAO rainfall response become more discernible. Tabular data for this analysis can be found in the online Supplemental Material (Table S4) . (Table S5 ). (Tables S6 and S7 ).
RESULTS
Regional mean correlations
NAO-phase definition
DISCUSSION
This research sets out to examine the spatiality of rainfall patterns under NAO-positive and -negative conditions using nationally consistent, high-resolution datasets (Tanguy et al. , ) . This extends previous NAO rainfall studies based in Great Britain as it considers the full wet/dry continuum, rather than just weather extremes, across a full year, rather than just the winter months, and is not restricted in terms of available data as we use spatially consistent gridded datasets rather than analysis based on selected stations/regions. A range of methods were implemented to achieve this, and based on the convergence of evidence in the results, we identify three main observations: (I) the sensitivity of spatial rainfall analysis to the chosen NAOI calculation method; (II) the clear north/ west and south/east divide in rainfall signatures under NAO-positive and -negative conditions during the winter months; and (III) the NAO does appear to have some influence over summer (JJA) rainfall, although the spatiality of these patterns is less distinctive when compared to winter.
These will now be discussed in turn.
The first observation relates to the use of different NAOI measures; in our study, namely the decision to use NAOI ST or NAOI PC . Pearson correlation analysis was undertaken using both SPI-1 and monthly GEAR data against both NAOI measures (Figure 2 ). While the two measures generally produced similar spatial patterns in correlation strength during the winter months, notable differences were observed during spring (MAM) and summer (JJA).
NAOI PC produced significant strong negative correlations in the southern and central regions during this period, while the NAOI ST method produced much weaker correlations which were not significant. This implies that if NAOI ST is used, then under positive NAO much of the country is wetter than average, and drier under NAO negative. However, if NAOI PC is used, then this pattern is the opposite. Therefore, had the later analysis to examine rainfall spatiality been undertaken using the NAOI ST method, it is likely that the results would have been far less conclusive as those gained from the NAOI PC method (Kosanic et al. ) . correlation and spatial analysis, we draw attention to three observations regarding regional response in rainfall patterns to the NAO: (I) the sensitivity of any analysis to the chosen NAOI; (II) the clear north/west and south/east divide in rainfall signatures during the winter months; and (III) the NAO does appear to have some influence over summer rainfall, although the spatiality of these patterns is less distinctive when compared to winter patterns.
Our results extend the understanding of the NAO's influence on rainfall patterns in Great Britain and suggest that, now more than ever, there is potential to improve our predictive ability of teleconnections and precipitation, allowing for better informed water management decisions. This is important given the potential future impacts of cli- 
).
It is important to note that our work uses gridded rainfall from the CEH-GEAR dataset, which over the period shows variability in the number of rainfall stations used for interpolation. Therefore, an avenue for future research would be to repeat similar analysis using more temporally 
